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Description

BACKGROUND OF THE INVENTION

5 Field of the Invention:

The present invention relates to novel substituted vinylurea derivatives or salts thereof, and medicines comprising

such a derivative as an active ingredient as well as a method of preventing and treating arteriosclerosis with such a

medicine, and particularly to substituted vinylurea derivatives or salts thereof, which are useful as anti-arteriosclerotic

10 agents which selectively inhibit an acyl-coenzyme cholesterol acyl-transferase (ACAT) in macrophages present in an

artery wall, thereby preventing formation of foam cells, and medicines comprising such a derivative as an active ingre-

dient as well as a method of preventing and treating arteriosclerosis with such a medicine.

Description of the Background Art:

15

Cardiac diseases and cerebrovascular diseases stand second and third, respectively, to cancers in Japan as

regards the causes of death, and are more than half the number of the causes of death if both are put together. Most

of these diseases occur as a terminal symptom of arteriosclerosis. The arteriosclerosis is also caused by aging and has

no general diagnosis. Besides, the name of a disease called arteriosclerosis is also not present. However, it is consid-

20 ered that the mortality from arteriosclerosis is very high.

With respect to the mechanism attacked by arteriosclerosis, there have been many unknown points. Many
researches have been conducted in this mechanism, and the mechanism has been rapidly elucidated in recent years.

More specifically, when arteriosclerosis occurs, an atherosclerotic lesion, in which cholesterol esters are accumulated

in plenty, is formed. With the growth of this lesion, the constriction of a vascular lumen progresses, resulting in complete

25 obstruction of the vessel in the worst case. As described above, the arteriosclerosis is a very horrible disease. As a

method for treating and preventing arteriosclerosis, a method of lightening risk factors dominates up to the present. This

method is a method in which exacerbation factors participating in the attack of arteriosclerosis are removed. More spe-

cifically, in addition to dietetic therapy, there are many useful therapeutic and prophylactic methods such as methods of

administering various kinds of serum lipid-reducing agents and antihypertensive drugs. However, the action of these

30 drugs on arteriosclerosis is indirect, and so there is a strong demand for development of drugs which directly act on

arteriosclerosis.

An ACAT inhibitor is one of the proposed drugs having such direct action. ACAT is an enzyme that acylates choles-

teryl to synthesize an accumulation type cholesterol ester. In the atherosclerotic lesion in arteriosclerosis, this choles-

teryl ester is accumulated in excess. It is therefore expected that the inhibition of ACAT can prevent an excess of

35 accumulation of the cholesteryl ester, and also the growth of the sclerotic lesion.

The conventional ACAT inhibitors include compounds described in Japanese Patent Application Laid-Open Nos.

117651/1990, 234839/1992 and 7259/1991, "H. Tawara et al.. J. Med. Chem.. 37, 2079-2084 (1994)", and Japanese

Patent Application Laid-Open Nos. 41006/1996 and 258200/1995. These documents investigate inhibitory activities

against ACAT in small intestine microsomes or liver microsomes, or an action that cholesterol in plasma is indirectly

40 reduced, but do not describe anything about inhibitory activities against ACAT in macrophages that are considered to

be more important when investigating an anti-arteriosclerotic action.

In compounds described in "Thomas P. Maduskuie, Jr. et al., J. Med. Chem., 38, 1067-1083 (1995)", those that

more strongly inhibit ACAT in macrophages compared with ACAT in liver microsomes are also found. However, it cannot

be said that their selective effects are sufficient.

45

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide compounds which particularly strongly and selectively

inhibit ACAT in macrophages present in an artery wall among ACAT present all over the body, such as liver, gut mucosa,

so artery, adrenal, ovary and skin to prevent formation of foam cells, and are useful as medicines for preventing and treat-

ing arteriosclerosis.

In view of the foregoing circumstances, the present inventors have carried out an extensive investigation. As a
result, it has been found that novel substituted vinylurea derivatives represented by the general formula (1), which will

be described subsequently, inhibit ACAT in macrophages more strongly than ACAT in fiver and are hence useful as pro-

55 phylactic and therapeutic agents tor arteriosclerosis, thus leading to completion of the present invention.

According to the present invention, there is thus provided a substituted vinylurea derivative represented by the fol-

lowing general formula (1):
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H

(1)
R2 NHCONH-R 3

wherein R1 and R3 are independently a phenyl group which may be substituted, R2 is a phenyl group which may be

substituted, or a cydoalkyl group, and wave lines mean that the bonding state may be either E or Z, with the proviso

that the cases where R 1
, R2 and R3 are unsubstrtuted phenyl groups, and where R 1 and R2 are unsubstituted phenyl

groups and R3 is a 4-ethoxyphenyl group are excluded, or a salt thereof (hereinafter referred to as "the compound (1)").

According to the present invention, there is also provided a medicine comprising the compound (1) as an active

ingredient.

According to the present invention, there is further provided a medicinal composition comprising the compound (1)

and a pharmaceutically acceptable carrier.

According to the present invention, there is still further provided use of the compound (1) for a medicine.

According to the present invention, there is yet still further provided a method of preventing and treating arterioscle-

rosis, which comprises administering an effective amount of the compound (1) to a patient

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The compounds (1) according to the present invention are represented by the general formula (1). Examples of

substituents of the phenyl groups, which are represented by R 1
, R2 and R3 in the formula (1) and may be substituted,

include halogen atoms such as fluorine, chlorine and bromine atoms: halogenated Ci_6 alky! groups such as fluorome-

thyl, chtoromethyt and 1,1,1-trifluorometnyl groups; C|_6 alkoxyl groups such as methoxy and ethoxy groups; an amino

group; mono-C^- alkylamino groups such as monomethylamino and monoethylamino groups; di-C^-alkylamino

groups such as dimethylamino and diethylamino groups; a hydroxy! group; Oj.^q aralkyloxy groups such as a benzyloxy

group; a methylenedioxy group; a cyano group; a benzoyl group; 62.7 alkanoyl groups such as acetyl and propionyl

groups; a carbamoyl group; a carboxyl group; alkoxy-carbonyl groups such as methoxycarbonyl and ethoxycamo-

nyl groups; C-i .6 alkoxymethoxy groups such as methoxymethoxy group; C2.7 alkanoyioxy groups such as acetyioxy and

propionyloxy groups; a nitro group; a sulfonic group; a sulfonamide group; a thiol group; C1j6 alkytthio groups such as

methytthio and ethytthio groups; C^.B alkylsutfinyl groups such as methvlsurfinyi and ethytsulfinyl groups; C^_6 alkylsul-

fonyl groups such as mehytsuHonyt and ethytsutfonyl groups; Ci_$ alkyl groups such as methyl, ethyl, n-propyl and iso-

propyl groups; C2.7 alkanoylamino groups such as acetylamino and propionylamino groups; a benzoylamino group;

hydroxy-C^e-alkyl groups such as hydroxymethyl and hydroxyethyl groups; carbaxy-C 1 .6-alky! groups such as car-

boxymethyl and carboxyethyl groups; C2.6 alkenyl groups such as vinyl and ally! groups; C2-7 alkanoyi-piperazinyt

groups such as acetylpiperazinyf, propionytpiperazinyl
, n-butyrytpiperazinyl and i-butyrylpiperaztnyl groups; alkyf-

aminocarbonylpiperazinyl groups such as methylaminocarbonylpiperazinyt, etrrylamirKxarbonylpiperazinyt, n-pro-

pylaminccarbonytptperazinyl and i-propylaminocarbonylpiperazinyl groups; C2.7 alkanoyl-aminomethyl groups such as

acetylarninomethyt, propionylaminomethyl, n-butyrylaminomethyl and hexanoylarninomethyl groups; C
1 6-alkyl-amino-

carbonyl-C
1 .6-alkyl groups such as methylamirxx^rbonytmethyl, ethylaminocarbonylmethyl, methylaminocarbonyle-

thyl, ethylaminocartx>nylethyl, i-propylaminocarbonylmethyi and i-propytaminorarbonylethyi groups; alkyl-

ureidomethyl groups such as methylureidomethyl, ethyluretdomethyl, n-propylureidometnyl and i-propylurekfomethyl

groups; and N-C-, .6-a!koxy^itHxiylpiperidinylcarbamoyl groups such as N^etrraxycarrx)nyl^Deridir^lcart^moy1, N-

ettwxycarbonylpiperidinylcarbamoyl, N-rvpropoxycart^nytptperidinylcart>arnoyl and N-i^ropoxycartxxiylptperid inylcar-

bamoyl groups. One to three of these substituents may be substituted on the phenyl group.

Of these, 1-3 substituents selected from the group consisting of the halogen atoms, alkyl groups, alkoxyl

groups, nitro group, hydroxy! group, methylenedioxy group. rnono-C^g-alkytamino groups, di^ ^-alkylamino groups,

amino group and carboxyl group are preferred, with 1 -3 substituents selected from the group consisting of the fluorine

atom, and methyl, isopropyl, methoxy, methylenedioxy, hydroxy! and dimethylamino groups being particularly preferred.

The above groups such as alkyl, alkoxy and alkanoyl include both linear and branched chains.

Examples of the cydoalkyl group represented by R2 include C3.7 cydoalkyl groups such as cydopropyl. cyctobutyt,

cyclopentyl and cydohexyl groups, with C5.7 cydoalkyl groups such as cydopentyl and cydohexyl groups being pre-

ferred.

In the present invention, any substituted vinylurea derivatives in which R 1
, R2 and R3 are unsubstituted phenyl

groups, and in which R 1 and R2 are unsubstituted phenyl groups and R3 is a 4-ethoxyphenyl group are exduded.

The compounds (1) according to the present invention may form salts when one or more amino compounds, car-

3
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boxyfic acids, suHonic acids and/or the like have been substituted thereon, tn this case, no particular limitation is

imposed on the safts so far as they are pharmaceutical^ acceptable salts. Specific examples thereof include organic

acid safts such as fumarates, maleates, citrates and tartrates, and inorganic acid salts such as hydrochlorides, hydro-

bromides and sulfates in the case where one or more amino compounds have been substituted; and salts such as

sodium salts, potassium safts and calcium salts in the case where one or more carboxylic acids or sulfonic acids have

been substituted.

Since the compounds (1) are olefins, they may be formed as geometric isomers or mixtures thereof according to

the kinds of the substrtuents when R1 and R2 are different from each other. All of these geometric isomers are included

in the present invention. The substituted vinylurea derivatives (1) may be present in the form of solvates typified by

hydrates.

The compounds (1) according to the present invention can be prepared in accordance with any of, for example, the

following Preparation Process 1 to 4.

Preparation Process- 1:

R\ CR*0)2 P-CH 2-C00R' R\ j-H

R2 ' First step R
2>/ ^-COOR'

(2) (4)

0

il

(Ph0)2-P-N 3

Hydrolysis R\ rH (6)XR2/Second step / h Third step
-C00H

(5)

Curtius

H l _
jj

rearrangement

Fourth step
rz/ ^-n=c=cr2' ^-C0-N3

(7) (8)

R3-NH2 R ] v rH
(9)

Fifth step R
2/ ^-NHCONH-R 3

(1)

wherein R 1
to R3 have the same meanings as defined above. R' and R" are lower alkyl groups, and Ph is a phenyl

group.

As shown in the above reaction scheme, a ketone compound (2) is reacted with a compound (3) (a first step), the

resultant compound (4) is then hydrofyzed into a carboxylic acid (5) (a second step). The carboxylic acid (5) is reacted

with a compound (6) into an azide (7) (a third step), and the azide (7) is then subjected to Curtius rearrangement to
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obtain an isocyanate (8) (a fourth step). The isocyanate (8) is further reacted with an amine (9) (a fifth step), thereby

obtaining a compound (1) according to the present invention.

The individual steps will hereinafter be described in detail.

The carbon-carbon double-bond reaction in the first step can also be conducted in accordance with the general

s Wrttig reaction. However, the reaction can be more readily conducted when the Horner-Emons reaction developed from

the Wittig reaction is used. Therefore, the phosphonate (3) is used as a reagent herein to conduct the Horner-Emons

reaction.

The reaction in the first step is generally conducted in the presence of suitable base and solvent Examples of the

base used include sodium hydride, sodium methoxide, sodium ethoxide, potassium t-butoxide, sodium hydroxide and

io potassium hydroxide. No particular limitation is imposed on the solvent used so far as it does not affect the reaction.

However, examples thereof include ethers such as tetrahydroturan, dioxane and diethyl ether; amides such as dimeth-

ytformamide, dimethylacetamide and N-methyl-a-pyrrolidone; hydrocarbons such as benzene, toluene and xylene;

alcohots such as ethanol, butanol. methoxyethanol and ethoxyethanol; and sulfoxides such as dimethyl sulfoxide.

The reaction is performed for 1 to 24 hours in a temperature range of from 0°C to a temperature at which reflux

15 occurs under heat In the most preferred embodiment the reaction is conducted at room temperature for 3-4 hours by

adding an equimolar amount of the phosphonate (3) to the ketone compound (2) in anhydrous tetrahydroturan and then

adding an equimolar amount or a slightly excessive amount of sodium hydride.

The hydrolysis reaction in the second step is performed under ordinary conditions. More specifically, the reaction

is conducted in a 1-10N aqueous solution of sodium hydroxide or potassium hydroxide. In some cases, an alcohol such

20 as methanol or ethanol may be added according to the solubility of the compound (4). The reaction is conducted at a

temperature of room temperature to 100°C for 0.5 to 24 hours.

The azidation in the third step and the Curtus rearrangement in the fourth step are conducted by one-pot reaction

without subjecting the reaction mixture to a post treatment on the way as it is.

The reactions in the third and fourth steps are generally conducted in the presence of suitable base and solvent.

25 No particular limitation is imposed on the solvent used so far as it does not affect the reactions. However, examples

thereof include hydrocarbons such as benzene, toluene and xylene.

Examples of the base used include triethytamine, pyrrolidine, piperidine and pyridine, with trielhylamine being most

preferred.

The reactions are performed for 0.5 to 8 hours in a temperature range of from room temperature to a temperature

30 at which reflux occurs under heat In the most preferred embodiment, the reactions are conducted for 1 -3 hours under

reflux by using an equimolar amount of the compound (6) to the carboxylic acid (5) in benzene and adding 1-2 equiva-

lents of triethylamine.

The reaction in the fifth step is conducted as one pot reaction in the reaction mixture obtained in the third and fourth

steps. The amino compound (9) used in the fifth step is preferably used in an amount of 1 -2 equivalents to the carboxylic

35 acid (5). The reaction is preferably performed at room temperature to 150°C for 1 -24 hours.

40
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Preparation Process 2:

\=0 (10) V-X
R
2^ First step R2' (1 1)

(2)

MgBr 2

(1 2)

Second step

°\
8-C£

R\ ,CH0 NH2C0 2Et R\ rH ^^O^
CI 4) \ (1 6)

R
2/ (13) Third step K

2/ ^-NHC02Et Fourth step

(1 5)

R\ rH R3-NH2 Rl v rH

K 2 ' ^~N = C = 0 Fifth step R 2' *-NHC0NH—

R

3

(8) (1)

wherein R 1
to R3 have the same meanings as defined above, and Et is an ethyl group.

As shown in the above reaction scheme, a ketone compound (2) is reacted with trimethylsurfoxonium iodide (10)

into an epoxy compound (1 1 ) (a first step), and the epoxy ring is opened with magnesium bromide (1 2) into an aldehyde

(13) (a second step). The compound (13) is condensed with ethyl carbamate (14) into an urethane (15), and the ure-

thane (15) is then reacted with B-chlorocatechol borane (16) into an isocyanate (8) (a fourth step). The compound (8)

is reacted with an amine (9) in the same manner as in the fifth step in the above-described Production Process 1,

thereby obtaining a compound (1) according to the present invention.

The individual steps will hereinafter be described in detail.

The epoxidation reaction in the first step is conducted by using dimethyl sulfoxide as a solvent, adding sodium

hydride in an amount of 1-1.5 equivalents to the ketone compound (2) at 0*C to room temperature to form a dimsyl

sodium of a base. To this reaction mixture, is added trimethytsulfoxonium iodide (10) in an amount of 1-1 .2 equivalents

to the ketone compound (2) to conduct a reaction at room temperature for 1-3 hours. A solution of the ketone compound

(2) in dimethyl sulfoxide or tetrahydrofuran is then added dropwise over 15 minutes to 1 hour at 0°C to room tempera-

ture, followed by a reaction at 0°C to room temperature for 1 -24 hours, thereby obtaining an epoxide (1 1) (this synthesis

procedure follows the process described in "Experimental Chemical Course 21: Organic Synthesis III, Forth Edition

(Maruzen). p. 101").

Incidentally, besides dimethyl sulfoxide and tetrahydrofuran, any solvent may be used as the solvent used in the

addition of the ketone compound (2) without any particular limitation so far as it does not affect the reaction.

In the epoxy ring opening reaction in the second step, magnesium bromide (12) or a boron trifluoride ether salt is

used as an acid catalyst. However, magnesium bromide (12) is preferred. As the solvent, besides the ethers, any sot-

vent may be used without any particular limitation so far as it does not affect the reaction. The reaction is conducted by

adding a ether solution of the epoxide (11) dropwise at -10°C to room temperature in the presence of the acid catalyst

in the ether and holding the reaction mixture at the same temperature for 5 minutes to 24 hours, thereby obtaining the

aldehyde (13) (this reaction follows, for example, the process descrtoed in the above-mentioned "Experimental Chem-

ical Course 21 : Organic Synthesis III, Forth Edition (Maruzen), p. 101").

6
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The dehydration condensation reaction of the aldehyde (1 3) with ethyl carbamate (14) in the third step is generally

conducted in the presence of suitable acid catalyst and solvent Mo particular limitation is imposed on the solvent used

so far as it does not affect the reaction. However, examples thereof include hydrocarbons such as benzene, toluene and

xylene. Examples of the acid catalyst used include p-toluenesutfonic acid, methanesutfonic acid and sulfuric acid, with

5 p-toluenesuKonic acid being preferred. The reaction is performed in a temperature range of from room temperature to

a temperature at which reflux occurs under heat When the reaction is carried out under reflux, the use of a Dean-Stark

apparatus facilitates the progress of the reaction. The reaction is conducted for 0.5 to 8 hours. In the most preferred

embodiment, the reaction is conducted by means of the Dean-Stark apparatus for 1-3 hours under reflux by using an

equimolar amount of ethyl carbamate (14) to the aldehyde (13) in toluene and adding 0.05-0.1 equivalents of p-toiue-

io nesuffonic acid.

The reactions in the fourth and fifth steps are reactions in which the urethane (15) is reacted with B-chtorocatecohol

borane (16) into the rsocyanate (8), and this product is reacted with the amine (9) by one-pot reaction as it is, thereby

obtaining the compound (1 ) according to the present invention. The reactions may be performed in accordance with the

process described in "V. L K. Valfi and H. Alper, J. Org. Chem., £0, 257-258 (1995)". More specifically, a toluene solu-

15 ton containing B-chlorocatecohol borane (1 6) in an equimolar amount to the urethane ( 1 5) and trietnylamine as a base

in an amount of 1-2 equivalents to the urethane (15) are used, and toluene is used as a solvent to heat the mixture

under reflux for 1 -3 hours, thereby obtaining the isocyanate (8). After the reaction mixture is cooled, the amine (9) in an

amount of 1-3 equivalents to the urethane (15) is added to conduct a reaction by one-pot reaction at room temperature

to 150°C for 1-24 hours as it is, thereby obtaining the compound (1) according to the present invention. At this time,

20 besides toluene, hydrocarbons such as benzene and xylene are preferably used. In addition, any solvent may be used

without any particular limitation so far as it does not affect the reaction. No particular limitation is also imposed on the

base if a suitable base exists in addition to triethylamine.

Among the amines (9) used in the fifth steps in the above-described Preparation Processes 1 and 2, those not mar-

keted can be prepared in accordance with, for example, the following reaction schemes:
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45

wherein R 1 and R2 have the same meanings as defined above, and R3 is a C^e alkyl group.

In the case where a compound, in which R3 is an alkytthiophenyl group, has been obtained in accordance with the

above-described Preparation Process 1 or 2, such a compound can be oxidized in accordance with the above reaction

so scheme, thereby converting it into a compound in which R3 is an alkylsuffinytphenyl or alkyfaurfonytphenyl group, m-
Chloroperbenzoic acid or aqueous hydrogen peroxide is generally used as an oxidizing agent used in this reaction. No
particular limitation is imposed on the solvent used so far as it does not affect the reaction. However, for example, a hal-

ogenated hydrocarbon such as methylene chloride or chloroform is preferably used where the oxidizing agent is m-chlo-

roperbenzoic acid, and an alcohol such as methanol or ethanol, or acetic acid is preferably used where the oxidizing

55 agent is aqueous hydrogen peroxide. The reaction is conducted in a temperature range of from 0°C to a temperature

at which reflux occurs under heal It is preferable to perform the reaction for about 1 -24 hours.

10
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Preparation Process 4:

CO0R9
Wolyla^

COOH
j

wherein R 1 and R2 have the same meanings as defined above, and R9 is a C-i-e alkyl group.

In the case where a compound, in which R3 is an alkoxycarbonylphenyt group, has been obtained in accordance

with the above-described Preparation Process 1 or 2, such a compound can be hydrolyzed in accordance with the

above reaction scheme, thereby converting it into a compound in which R3 is a carboxyl group. This hydrolysis reaction

can be conducted under ordinary conditions. More specifically, it is only necessary to conduct the reaction in a 1-1 ON
aqueous solution of sodium hydroxide or potassium hydroxide. An alcohol such as methanol or ethanol may be added

according to the kind of the starting material. The reaction is preferably conducted at a temperature of room tempera-

ture to 1 00°C for 0.5 to 24 hours.

The isolation and purification of the intended compound (1) in each of the above reaction schemes can be per-

formed in a method known perse in the art, for example, washing, extraction, recrystallization and/or chromatography.

The compound (1 ) may also be converted into a salt in a method known per se in the art

The thus-obtained compounds (1) according to the present invention are useful in preventing and treating arterio-

sclerosis, and various diseases related thereto, for example, cerebral infarction, transient ischemic attack, angina pec-

toris, peripheral thrombus and peripheral occlusion.

When the compound (1) according to the present invention is used as such a medicine, it is only necessary to mix

the compound (1 ) with a solid or liquid carrier known in this technical field to prepare a medicinal composition (medicinal

preparation) suitable for parenteral administration, oral administration or external administration. Examples of the

medicinal preparation include liquid preparations such as injections, inhalants, syrups and emulsions, solid prepara-

tions such as tablets, capsules and granules, and external preparations such as ointments and suppositories. These

preparations may contain additives usually used, such as auxiliaries, stabilizers, wetting agents, emulsrfiers, absorbe-

facients and surfactants, as needed. Specific examples of the additives include distilled water for injection. Ringer's

solution, glucose, sucrose syrup, gelatin, edible oil, cacao butter, magnesium stearate and talc.

When the compound (1 ) according to the present invention is used as a prophylactic and therapeutic agent for arte-

riosclerosis, the dose thereof varies according to the administration method thereof, and the age, weight and diseased

condition of a patient to be dosed. However, it is preferable to use the compound (1) in a dose of 0.1-1 .000 mg per day

for an adult in the case of oral administration.

The present invention will hereinafter be described more specifically by the following Examples and Test Example.

However, the present invention is not limited to these examples.

Added to a mixture of 1 .00 g of 3,3-d(3-nitrophenyl)propenic acid. 0.88 g of diphenylphosphoryl azide and 10 ml

of benzene were 0.34 g of triethylamine. followed by refluxing for 1 hour. After cooling, 0.41 g of drftuoroaniline were

added, and the resultant mixture was stirred for 12 hours at room temperature. Water was then added to the reaction

mixture, and extraction was conducted with ethyl acetate. The extract was washed with water, 1N HCI and saturated

saline in that order. After the resultant organic layer was dried over anhydrous sodium sulfate, the solvent was distilled

off. and the residue was subjected to column chromatography on silica gel. A chtoroform-eJuted fraction was concen-

trated under reduced pressure, thereby obtaining 1 .05 g (yield: 75.0%) of the intended 1 -[2,2<fi-(3-nitrophenyl)]vinyl-3-

Example 1:

11
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(2,4-difluoropheriyl)urea (Compound 1 ) as yellow noncrystalline powder. The data of Compound 1 are shown in Table 1

.

Example 2:

Added to a solution of 1.00 g of ethyl N-[2,2-di-(2-methytphenyi)]vinyl-carbamate and 0.34 g of trietnylamtne in tol-

uene (10 ml) were 7 ml of a toluene solution of 0.5 mot/liter of B-chlorocatecohol borane, followed by reftuxing and stir-

ring for 1 hour. After cooling, 0.44 g of difluoroaniline were added, and the resultant mixture was stirred for 12 hours at

room temperature. Water was then added to the reaction mixture, and extraction was conducted with ethyl acetate. The

extract was washed with water, 1 N HCI and saturated saline in that order. After the resultant organic layer was dried

over anhydrous sodium sulfate, the solvent was distilled off, and the residue was subjected to column chromatography

on silica gel. A chlorofomveluted fraction was concentrated under reduced pressure, thereby obtaining 495 mg (yield:

36.4%) of the intended H22<ii-(2-metriytpheny0fa (Compound 2) as colorless crystals.

The data of Compound 2 are shown in Table 1.

Examples 3-18:

Compounds 3-18 were prepared in the same manner as in Example 1 or 2. The data of Compounds 3-18 are

shown in Tables 1 to 4.
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Example 19:

Synthesis of 1-(2,2-dipheny0vinyl-3-(4-cartx>xypheny0LB'ea (Compound 19):

Dissolved in methanol were 50 mg of H2,2^ipheny1)vinyi-3^4-methoxycartx)nylphenyl)urea (Compound 18)

obtained in Example 1 8. To the solution were added 2 ml of a 2N aqueous solution of sodium hydroxide. The resultant

mixture was heated at 60°C for 3 hours. After the reaction mixture was then concentrated under reduced pressure, the

concentrate was acidified with 1 N hydrochloric acid and extracted with ethyl acetate. The resultant organic layer was
washed with water and saturated saline in that order, dried over anhydrous sodium sulfate and then concentrated under

reduced pressure, thereby obtaining 45 mg (yield: 96%) of the intended Compound 19 as crystals. The data are shown
in Table 5.

Examples 20 and 21

:

Compounds 20 and 21 were obtained in the same manner as in Example 1 or 2. The data are shown in Table 5.

Example 22:

Compound 22 was obtained in the same manner as in Example 1 9. The data are shown in Table 5.

Examples 23-26:

Compounds 23-26 were obtained in the same manner as in Example 1 or 2. The data are shown in Tables 5 and 6.

Example 27:

Synthesis of 1 ^2,2-dipheny0>^-3-<3^ethytsulfinylpheny0urea (Compound 27):

Dissolved in 20 ml of dichloromethane were 500 mg (1.39 mmol) of l-(2,2-diphenyl)vinyl-3-(3-methylthiophe-

nyl)urea (Compound 26) obtained in Example 26. To the solution were added 240 mg (1.39 mmol) of m-chloroperben-

zoic acid. The resultant mixturewas stirred for 3 hours at room temperature. After the reaction mixturewas then washed
with a saturated solution of sodium hydrogencarbonate and water in that order, the resultant organic layer was dried

over anhydrous sodium sulfate. After dichloromethane was distilled off, the residue was crystallized with ether, thereby

obtaining 225 mg (yield: 43.1%) of the intended Compound 27 as colorless crystals. The data are shown in Table 6.

Example 28:

Synthesis of 1-(2,2-dipheny0vinyl-3-(3-methvlsulfonylphenyl)urea (Compound 28):

Dissolved in 20 ml of dichloromethane were 500 mg (1.39 mmol) of 1-(2,2-diphenyl)vinyl-3-(3-methylthiophe-

nyi)urea (Compound 26) obtained in Example 26. To the solution were added 600 mg (3.48 mmol) of m-chloroperben-

zoic acid. The resultant mixture was stirred for 12 hours at room temperature. After the reaction mixture was then

washed with a saturated solution of sodium hydrogencarbonate and water in that order, the resultant organic layer was
dried over anhydrous sodium sulfate. After dichloromethane was distilled off, the residue was subjected to column chro-

matography on silica gel. A 1% MeOH-CHCI3-elirted fraction was concentrated under reduced pressure, thereby

obtaining 78 mg (yield: 14.3%) of the intended Compound 28 as crystals. The data are shown in Table 6.

Examples 29-55:

Compounds 29-55 were obtained in the same manner as in Example 1 or 2. The data are shown in Tables 6 to 14.
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Test Example 1:

With respect to the compound (1) according to the present invention, the pharmacological effects were tested. The
resufts are as follows.

i) Test tor inhibitory activity against ACAT using J774 cells:

The ACAT activity of J774 cells was measured as the radioactivity of cholesteryl oleate produced from [
14

C]oleic

acid and-cholesterol which were added to a culture solution.

More specifically, cultured J774 cells were plated on a 24F culture plate containing a serum-free RPMI 1640
medium so as to account for 1 x 10"6 cells/well. Added to the cells were

[

14
C]oleic acid, deiipidized BAS (bovine serum

albumin), reconstituted ribosome (0.3 M glucose solution containing cholesterol and phosphatidylcholine at a weight

ratio of 2:1) and 25-hydroxycholesterol to culture the cells for 4 hours at 37°C under 5% C02 . After the culturing, the

cultured cells were disrupted with a 1% SDS (sodium lauryl sulfate) solution, and the lipid in the disrupted solution was
extracted with hexane. The extract was dried to solid under reduced pressure. After the resultant residue was then

developed (developing solvent: diethyl ether/hexane/acetic acid = 80/20/1) by TLC (thin-layer chromatography), the

amount of cholesteryl oleate formed was determined by an imaging plate.

A DMSO (dimethyl sulfoxide) solution of each specimen was added in an amount of 1% to the culture solution to

find its inhibition rate against the enzymatic activity in comparison with a DMSO control.
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Table 15

Compound
Inhibition rate against ACAT
activity in J774 cells (%)

Compound 3 77.82 + 4.00

TMP-153 36.94 + 11.93

Dup 128 66.37 ± 6.17

Tested on 100 nM of each compound
(Mean + S.D. ; n = 3)

45 ii) Test for inhibitory activity against ACAT using rat liver microsome:

The ACAT activity of rat liver microsome was measured as the radioactivity of cholesteryl oleate produced from

[

14C]oleoyl-CoA and endogenous cholesterol.

More specifically, [

14
C}oleoyl-CoA and delipidized BSA were added to a rat liver microsome fraction prepared in

so accordance with a method known per se in the art to conduct a reaction at 37°C for 5 minutes. After the reaction, the

lipid in the reaction mixture was extracted with hexane, and the extract was dried to solid under reduced pressure. After

the resultant residue was then developed (developing solvent: diethyl ether/hexane/acetic acid = 80/20/1) by TLC, the

amount of cholesteryl oleate formed was determined by an imaging plate. A DMSO solution of each specimen was
added in an amount of 1% to the reaction mixture to find its inhibition rate against the enzymatic activity in comparison

55 with a DMSO control.
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Table 16

Compound Inhibition rate against

ACAT activity in rat liver

microsome (%)

Compound 3 7.8719.26

TMP-153 82.29 ±2.79

Dup128 79.32 17.01

Tested on 100 nM of each compound.

(Mean±S.D.;n = 3)

15

As apparent from the results of the tests i) and ii), the compound (1) according to the present invention has still

stronger inhibitory activity against ACAT in the mouse macrophage-like cells than against ACAT in the liver microsome.

This fact means that the compound according to the present invention directly reduces the accumulation and storage

of cholesterol esters in the artery wall to prevent the formation or development of atherosclerosis lesion. Therefore.

20 such a compound is useful in preventing and treating arteriosclerosis, and moreover various diseases related thereto,

for example, cerebral infarction, transient ischemic attack, angina pectoris, peripheral thrombus and peripheral occlu-

sion.

As described above, the compounds (1) according to the present invention selectively and strongly inhibit ACAT in

macrophages and are hence useful as prophylactic and therapeutic agents for arteriosclerosis.

25

Claims

1 . A substituted vinylurea derivative represented by the following general formula (1):

30

Cl )

35

wherein R 1 and R3 are independently a phenyl group which may be substituted, R2 is a phenyl group which may
be substituted, or a cycloalkyl group, and wave lines mean that the bonding state may be either E or 2. with the

proviso that the cases where R 1
, R2 and R3 are unsubstrtuted phenyl groups, and where R 1 and R2 are unsubsti-

40 tuted phenyl groups and R3 is a 4-ethoxyphenyl group are excluded, or a salt thereof.

2. The derivative or the salt thereof according to Claim 1 , wherein R 1 and R3 are independently a phenyl group which

may be substituted by 1 to 3 substituents selected from the group consisting of halogen atoms, halogenated

alkyl groups. alkoxyl groups, an amino group. mono-C
1 .6-alkylamino groups, di-C^-alkylamino groups, a

45 hydroxyl group; C^g aralkyloxy groups, a methylenedtoxy group, a cyano group, a benzoyl group. C2-7 alkanoyl

groups, a carbamoyl group, a carboxyl group, C-|.e alkoxy-carbonyl groups, Cj.g alkoxy-methaxy groups, C2.7

alkanoyloxy groups, a nrtro group, a sulfonic group, a sulfonamide group, a thiol group, C^ alkytthio groups, C^
alkytsuHinyl groups, C^g alkylsulfonyl groups. alkyl groups, C2-7 alkanoylamino groups, a benzoytamino group,

hydroxy-C-|.6-alky1 groups, carboxy-C1 .6-alky1 groups, C2.6 alkenyl groups. C2-7 alkanoytpiperazinyl groups.

so alkyl-aminocarbonylpiperazinyl groups, C2.7 alkanoyl-aminomethyl groups, C 1
^-allcyl-aminocarbonyl-C1 _6-aIkyl

groups, C^e alkyl-ureidomethyl groups, and N-C^g-altoxy-carboriylpiperidinylcaibamoyl groups, and R2 is a phe-

nyl group which may be substituted by 1 to 3 substituents selected from the same group of substituents as in R1

and R3 , or a C3.7 cycloalkyl group.

55 3. A medicine comprising the derivative or the salt thereof according to Claim 1 or 2 as an active ingredient.

4. The medicine according to Claim 3, which is a prophylactic and therapeutic agent for arteriosclerosis.
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5. A mecficinaJ composition comprising the derivative or the salt thereof according to Claim 1 or 2 and a pharmaceu-

tically acceptable carrier.

6. The medicinal composition according to Claim 5, which is a prophylactic and therapeutic agent tor arteriosclerosis.

5

7. Use of the derivative or the salt thereof according to Claim 1 or 2 for a medicine.

8. The use according to Claim 7, wherein the medicine is a prophylactic and therapeutic agent for arteriosclerosis.

10 9. A method of preventing and treating arteriosclerosis, which comprises administering an effective amount of the

derivative or the salt thereof according to Claim 1 or 2 to a patient.
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